INTRODUCTION
Brown tumors are focal reactive osteolytic lesions that are encountered in patients with primary or secondary hyperparathyroidism (1-3). The incidence of brown tumor has been reported to be 3% in cases of primary hyperparathyroidism and 2% in cases of secondary hyperparathyroidism (3) . Brown tumors can occur in any bone, but most commonly affect the pelvis, ribs, femurs, facial bones, jaws and clavicles (3) . There have been a few reports on brown tumor of the patella (4) (5) (6) . It has been reported that the common sites of brown tumors are the jaw, pelvis, ribs, femurs and clavicles. We report our experience in a case of brown tumor of the patella caused by primary hyperparathyroidism. An initial radiograph and CT showed an osteolytic lesion and MR images showed a mixed solid and multiloculated cystic tumor in the right patella. One month after the parathyroidectomy, rapid bone formation was observed on both radiographs and CT images.
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We recently treated a patient, who developed a brown tumor of the patella caused by primary hyperparathyroidism. The patients' clinical courses are discussed in this report. This report was approved by the Institutional Review Board of our institution. An informed consent was waived.
CASE REPORT
A 31-year-old female started experiencing right gonalgia without any history of antecedent trauma. The body mass index of patient was 22.0 kg/m 2 . The lumbar bone mineral density (BMD) measured by dual X-ray absorptiometry was 0.589 g/cm 2 (T score: -3.5 standard deviation [SD]), which indicated severe osteoporosis. The range of motion of the right knee was 120° in flexion and 0° in extension. An initial radiograph showed focal loss of radiodensity in the right patella (Fig. 1A) . As per multiplanar reconstruction (MPR) CT images, disruptions of the cortex around the osteolytic lesions were seen in the right patella (Fig.  1B) . In addition, multiple asymptomatic osteolytic lesions were observed in the right pubis and left ilium. An axial T2-weighted MR image showed the mixed solid and multiloculated cystic nature of the tumor in the right patella (Fig. 1C) . Radiologically, these well-defined kjronline.org observed by parathyroid scintigraphy (Tc-99m 2 methoxyisobutyl-isonitrile) (Fig. 1D) .
The patient was diagnosed to have a brown tumor caused by primary hyperparathyroidism based on both the imaging and laboratory findings. A parathyroidectomy was performed by a surgical team one month after the patient's first visit to our hospital. The resected mass (20 x 15 mm in diameter) showed a smooth surface and was encapsulated. The histopathological examination of resected mass revealed parathyroid adenoma.
The serum PTH level decreased from 1260 pg/mL (before surgery) to 19 pg/mL (one day after surgery), and the serum calcium level also decreased from 3.15 mmol/L osteolytic lesions were suspected to be brown tumors or giant cell tumors based on the sites of the lesions (7) .
The laboratory data regarding the levels of bone metabolism markers, including serum parathyroid hormone (PTH), calcium, phosphorus, alkaline phosphatase, tartrateresistant acid phopshatate-5b (TRACP-5b) and procollagen type 1 N propeptide (P1NP), were as follows: 1260 pg/mL (normal range, 10-65 pg/mL), 3.15 mmol/L (2.15-2.55 mmol/L), 1.8 mg/dL (2.5-4.7 mg/dL), 1320 mU/dL (120-420 mU/dL), and 855 μg/L (14.9-68.8 μg/L), respectively. Neck ultrasonography showed a hypoechoic lesion (21 x 11 mm in diameter) at the lower pole of the left lobe of the thyroid gland. A mass lesion of the parathyroid gland was kjronline.org to 2.29 mmol/L, and symptoms of hypocalcemic tetany were observed soon after surgery. These findings were consistent with hungry bone syndrome (HBS) caused by parathyroidectomy. Therefore, the patient was administered high doses of calcium gluconate hydrate (5 to 100 mL/day), calcium lactate hydrate and alfacalcidol during 30 days of hospitalization. The patient reported complete resolution of pain in the right knee one month after parathyroidectomy. Rapid bone formation was observed in both radiographs and CT-MPR images (Fig. 1E, F) , and the BMD increased to 0.736 g/cm 2 (T score: -2.3 SD).
DISCUSSION
Brown tumors are non-neoplastic osteolytic lesions of the bone that are caused by primary or secondary hyperparathyroidism (1-3). Brown tumors can occur as solitary or multiple lesions. They may appear in any bone, but commonly affect the pelvis, ribs, femurs, humeri and other long bones, as well as the facial bones and jaws, clavicles and spine (1-3, 8, 9 ). Generally, brown tumors are lytic in nature with well-defined borders according to radiographs or CT scans, and similar results were seen in our case (Fig. 1A, B) . The brown tumor lesions are heterogeneously hypo-and isointense to skeletal muscle on T1-weighted MR images, although the signal characteristics depend on the level of sclerosis (6).
Singh et al. (4) reported 59 cases of bone tumors of the patella. They described 46% of cases as non-neoplastic, 39% as benign, while 15% as malignant (4) . Giant cell tumor is the most common disease, which affects the patella, and 19% of patella tumors have previously been reported as giant cell tumors (4). The second and third common diseases affecting the patella are chondroblastoma (15%) and aneurysmal bone cyst (10%), respectively (4) . A biopsy has the potential to lead to a misdiagnosis, since brown tumor is similar to aneurysmal bone cyst or giant cell tumor in terms of the pathological tissue (10) . Therefore, the imaging and laboratory findings are important for accurate differentiation of the tumor. A recent paper showed that fluoro-deoxyglucose positron emission tomography/CT is effective for detecting osteolytic lesions, such as brown tumors (11) . The uptake of fluorodeoxyglucose by osseous lesions can assist in diagnosing brown tumors with hyperparathyroidism, and abnormal uptake of fluoro-deoxyglucose can aid in differentiation of primary neoplasms (11) .
Elevated levels of PTH, TRACP-5b, and P1NP were observed in the current case, which resulted in severe osteoporosis, subperiosteal bone resorption and reactive proliferation of the fibrovascular tissue in the bone marrow caused by an increase in bone turnover. In contrast, decreased levels of PTH and calcium were observed on first day subsequent to parathyroidectomy, which resulted in HBS. HBS is defined as severe and prolonged hypocalcemia and hypocalcemic symptoms after parathyroidectomy for hyperparathyroidism. Occurrence of HBS has been reported in 25-90% of cases with hyperparathyroidism with bone lesions detected radiologically, and in 0-6% of cases with hyperparathyroidism without bone lesions (12) .
The patient reported complete resolution of right gonalgia after one month of resection of the tumor, and rapid and massive bone formation was observed in imaging studies. An increase in lumbar BMD was also observed. We consider that the duration of treatment in our case is much shorter than that of previous reports (13, 14) .
As increased osteoclastic bone turnover results in fractures followed by influx of multinucleated macrophages, destruction of cortex and soft-tissue extension can be expected as imaging findings (3) . It has been reported that the risk of pathological fracture in brown tumors correlates with the time of diagnosis (15) . Therefore, it is important to diagnose or differentiate brown tumors from other tumors at an early stage, and as soon as possible.
